Objective Increasing age and cancer history are related to impaired physical function. Since physical activity has been shown to ameliorate age-related functional declines, we evaluated the association between physical activity and function in older, long-term colorectal cancer survivors. Methods In 2006-2007, mailed surveys were sent to colorectal cancer survivors, aged C65 years when diagnosed during 1995-2000, and identified through a state cancer registry. Information on physical activity, physical function, and relevant covariates was obtained and matched to registry data. Analysis of covariance and linear regression were used to compare means and trends in physical function across levels of activity in the final analytic sample of 843 cases. Results A direct, dose-dependent association between physical activity and function was observed (p trend \ .001), with higher SF-36 physical function subscores in those reporting high versus low activity levels (65.0 ± 1.7 vs. 42.7 ± 1.7 (mean ± standard error)). Walking, gardening, housework, and exercise activities were all independently related to better physical function. Moderate-vigorous intensity activity (p trend \ .001) was associated with function, but light activity (p trend = 0.39) was not. Conclusion Results from this cross-sectional study indicate significant associations between physical activity and physical function in older, long-term colorectal cancer survivors.
Introduction
The number of cancer survivors living in the United States has grown substantially from the 3.0 million estimated in 1971 to more than 10.5 million today [1, 2] . As the demography of the US population shifts toward increasing age, the population of survivors will continue to grow. By current rates, one out of every two men and one out of every three women in this country will be diagnosed with some form of cancer in their lifetime [3] . Given improved detection and treatment, nearly 66% of patients diagnosed today will live 5 years past diagnosis, many of whom will live 10-20 or more years beyond their cancer diagnosis [1, 2] .
While substantial research has been conducted in cancer detection and prevention, less information is available regarding cancer patients post-treatment. Studies suggest that cancer survivors are at increased risk for functional limitation compared to similarly aged individuals with no cancer history [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Hewitt et al. [4] found that cancer survivors were at a nearly twofold increased risk for functional limitation; however, in the presence of another chronic illness, this jumped to a fivefold increase in risk.
Chirikos et al. [11] found that the consequences of functional limitation associated with breast cancer diagnosis extended beyond quality of life, exacting substantial financial consequences on the patients, their families, and the economy at large.
Physical activity is one intervention modality that has been effective in combating functional decline in older adults. Evidence suggests that older adults accumulating 150 min of moderate intensity activity per week, as recommended by the US federal government [18] , can reduce their risk of functional limitation by up to 50% [19] [20] [21] . Consequently, several recent population-based studies [22, 23] and physical activity intervention trials [24] [25] [26] [27] [28] [29] [30] have been conducted among breast [22] [23] [24] [25] [26] [28] [29] [30] , prostate [23, 24] , and colorectal [27] cancer survivors in an attempt to ameliorate functional declines and other quality of life changes associated with cancer diagnosis and treatment. While these studies have obtained mixed results, they have primarily focused on short-term survivors [23] [24] [25] [26] [27] [28] , middleaged adults [22, 25, 26, [28] [29] [30] , and breast cancer, specifically [22] [23] [24] [25] [26] [28] [29] [30] . Given the differences by cancer site in patient characteristics and treatment regimens, it is possible that the relationships between activity and function may differ, and thus it is important to explore some of the more common cancer sites that have received little attention [31, 32] .
Specifically, little is known about the association between physical activity and function in older, long-term colorectal cancer survivors. As roughly 60% of all cancer survivors are aged C65 years [2], and age is an independent risk factor for functional decline [33] [34] [35] [36] , it is increasingly important that we understand the association between physical activity and function within this high risk population. The purpose of this study was to examine the association between physical activity and function in a sample of older, long-term colorectal cancer survivors from the state of Wisconsin. We also explored effect modification of this association by sex and age.
Materials and methods

Subjects
Subjects were drawn from the Wisconsin Cancer Reporting System (WCRS), a statewide mandatory tumor registry. From 1995-2000, 5,868 cases of colorectal cancer were diagnosed in adults aged 65-84 years and reported to the registry, of which all the cases from Dane county and a random *40% of non-Dane county cases were sampled. Of the 2,354 cases sampled, 586 were deceased according to the Social Security Death Index, resulting in 1,768 potential participants.
Study design
For this cross-sectional study, the 1,768 potential participants were sent an introductory letter and study survey by mail directly from the investigators along with a five dollar incentive to complete the survey. Non-respondents were followed up with reminder post cards, a second letter and survey, and finally, telephone calls. During the call they could either decline to participate, request another mailing of the survey, or choose to complete the survey over the phone. Additional information was collected from the statewide tumor registry including sex, birth date, diagnosis date, stage, grade, and treatment information. The study protocol was approved by the University of Wisconsin Institutional Review Board.
Of the original 1,768 potential participants whom were mailed surveys, 938 (53%) completed the survey either by mail (97%) or telephone (3%). Three hundred ninety nine (23%) refused participation, 305 (17%) could not be located by mail or contacted by phone, 61 (3%) were too ill to complete the questionnaire, 41 (2%) were reported as deceased, and 24 (1%) were unable to participate for other reasons. Therefore, among persons who we were able to contact, the response rate was 64%. Data from the statewide cancer registry indicated that non-respondents were more likely to be female, older, diagnosed at a later age, and further removed from diagnosis when compared to respondents.
Survey
The survey incorporated standard measures of physical activity and physical function in addition to demographic, lifestyle, and health history questionnaires. The Community Healthy Activities Model Program for Seniors (CHAMPS) physical activity questionnaire [37] is a 41-item questionnaire assessing frequency and duration of a broad range of activities typically engaged in by older adults including leisure-time activities, walking, household activities, and exercise. The survey questions focus on a typical week during the past 4 weeks. Respondents reply with the number of times and total hours per week spent in that activity. MET-hour/week (MET-hr/wk) equivalents are calculated as recommended, and body weight was used to calculate activity in kcal/week [37] . Summary scores are presented for total physical activity, moderate-vigorous activity (activities with MET values C3.0), and for light activities (MET values \3.0). This survey has been found to be reliable (ICC = 0.66) and valid for use in older adults [38] .
The Medical Outcomes Study 36-Item Short-Form Health Status Survey (SF-36) is a widely used generic measure of health. It has been shown to be reliable and valid in multiple populations, including cancer survivors [39] [40] [41] [42] [43] . The SF-36 consists of eight subscales of health including physical functioning (possible scoring range 0-100), which focuses on the degree of limitation in specific activities including: vigorous activities; moderate activities; lifting or carrying groceries; climbing several flights of stairs; climbing one flight of stairs; bending, kneeling, or stooping; walking more than a mile; walking several blocks; walking one block; and bathing or dressing yourself. Descriptive information collected from the survey included education attained, tobacco use (current and ever), and current alcohol consumption. The brief health history inquired about 17 conditions and diseases that the participant might currently have, and subjects also reported their height and weight. Information on all previous cancer diagnoses (site, year of diagnosis, and treatment for most recent cancer) was collected as well as any falls or hospitalizations in the previous 12 months. Participants were also asked if they currently had any pain beyond minor everyday types of pain such as headaches. The tumor registry was used to obtain information on age, tumor site, stage, grade, and treatment.
Analyses
Missing responses to individual CHAMPS questions were coded as no activity; however, if participants answered none of the physical activity questions, their score was set to missing. Co-morbidities were summed from positive responses to the current health conditions inventory. Cancer treatment information from both the registry and self-report were combined, and binary variables of any indication of a specific treatment versus no indication were created for surgery, chemotherapy, and radiation. In order to examine the physical function association by intensity of activity, we examined associations with light and moderate-vigorous activity separately. We also examined type of activity by categorizing individual questions into the following categories: housework, gardening, any walking, exercise/recreation/sports, and stretching. In separate analyses, we separated activities into categories of aerobic (skating, jogging, walking uphill, brisk walking, biking, aerobic machines, swimming fast, and aerobic dance), resistance (heavy housework, heavy gardening, non-swimming water exercises, heavy strength training and light strength training), and an ''other'' activity category (e.g., dancing, golf, tennis). The physical function subscale was used in the current analyses, and the standard SF-36 scoring method was used [42] [43] [44] . Individuals were excluded from the study analyses if the entire physical activity or comorbidity sections were missing, or if their physical function subscale score was missing.
Means and standard deviations of covariates across quartiles of physical activity were calculated using analysis of variance for continuous variables. Categorical variables were evaluated using Mantel-Haenszel chi-square or Fisher's exact test for analyses with cell sizes B5. Analysis of covariance (ANCOVA) was used to examine the association of physical activity and physical function. Physical activity was categorized by quartile for the main analysis and analysis by intensity, and by categories of none, low, moderate, and high activity based on the cohort-distribution for specific activity categories. Medians and interquartile ranges are presented for physical activity, where appropriate, due to non-normal distributions. Covariates considered for these analyses included age, sex, education, current smoking status, alcohol consumption, body mass index (BMI), body weight, type and number of comorbidities, pain, hospitalizations and falls in the previous 12 months, number of cancer diagnoses, stage of diagnosed cancer, age at diagnosis, time since diagnosis, and cancer treatment type. Age and sex were included as covariates in all analyses (model 1). Other covariates that changed the significance of the physical activity term or appreciably reduced the magnitude of difference between the least and most active quartiles were included in a second model (model 2), including: age, sex, education (less than high school (HS), HS, more than HS), alcohol consumption (none, occasional, 1-7 drinks/week, [7 drinks/week), BMI (\20, 20-24.9, 25-29.9, C30 kg/m 2 ), pain (yes, no), hospitalizations (yes, no), falls (yes, no), and number of comorbidities (0, 1, 2, 3, 4, C5). ANCOVA was used to calculate least squares means across categories of activity, and tests for linear trend were performed using an ordered categorical variable based on the median activity value in each category. Effect modification by age and sex were tested using cross-product terms of the bivariate age or sex variable and the scored quartile variable for physical activity, and in separate models, stratified analysis. All analyses were conducted using SAS statistical software (SAS Institute, Inc., Cary, NC).
Results
From the 938 surveys returned, 95 responses were excluded for the following reasons: 11 were currently undergoing cancer treatment, 28 were missing physical activity data, 8 were missing physical function data, and 48 were missing information on relevant covariates. Complete data was obtained for 843 individuals for whom the analyses were conducted. The mean age of respondents was 81.5 years (SD, 5.8), and on average, they were 8.2 ± 1.7 years past their diagnosis. About 97% of participants reported receiving surgery for their cancer, 35% reported receiving chemotherapy, and 18% reported receiving radiation. Given the high prevalence of surgery, only chemotherapy and radiation were considered as potential covariates, and neither was related to the physical function subscore nor did they confound the models. The sample was 48% male and 99% white. These individuals reported a median energy expenditure of 2,135 kcals/week (IQR: 935-3821) and mean physical function score of 55.0 (SD, 30.5). Sample characteristics by level of physical activity are displayed in Table 1 . Subjects in the lowest quartiles of total physical activity did predominantly light intensity activity. As the total activity level increased, so did the time spent on moderate-vigorous activity. Compared to the least active quartile, the most active individuals tended to be younger, more highly educated, and male. These more active individuals also reported drinking more alcohol, having fewer comorbidities, were less likely to have fallen in the past 12 months and/or to have been hospitalized in the past 12 months, and were less likely to report pain beyond normal levels than the least active respondents. A direct, dose-dependent association between total physical activity and function was observed within this population (p trend \ 0.001) ( Table 2 ). The mean level of physical function among the most active was more than 25 points higher than that of the least active (p \ 0.001) after controlling for age, sex, education, alcohol consumption, and BMI. Further adjustment for pain, hospitalizations, falls, and comorbidities attenuated the association only slightly, with the difference in function between low and high categories of physical activity still 22 points. Analyses by intensity of activity indicate that the relationship with total physical activity is largely driven by moderate-vigorous activity rather than light activity, as the relationship between moderate-vigorous activity and function is similar to that of total activity and unaffected by adjustment for light activity (p \ 0.001). In contrast, there is no significant relationship with light activity after adjustment for moderate-vigorous activity (p = 0.39). On average, women reported lower levels of physical functioning than men across all levels of physical activity; however, no significant interaction by sex was observed (p = 0.39), with the same direct association seen in both men (p trend \ .001) and women (p trend \ .001) (Table 3) . Similarly, although function was much lower among those who were older in the population ([median of 80.7 years at the time of survey), there was no significant interaction by age (p = 0.60), with the same dose-response relationship with physical activity seen among both the younger (p trend \ 0.001) and older (p trend \ 0.001) study participants (Table 3) .
When examined by type of exercise, only stretching was not associated with physical function in the anticipated direction (Table 4) . Participation in housework, gardening, and walking were all strongly associated with higher levels of physical function (p trend \ 0.001). SF-36 function scores were lowest in those who did not participate in those activities, and for housework and gardening, there was little to no added benefit of doing more; however, for walking, function scores increased across levels of activity. While participation in exercise/recreation/sport was associated with better function (p trend = 0.004), only the highest level of activity had a significantly better function score compared to those who did no activity of this type. Stretching was not associated with physical function (p trend = 0.69). When we used the classification of aerobic and resistance activity, both were similarly associated with physical function (p trend \ 0.001). Individuals reporting the greatest amount of participation in aerobic activities scored ten points higher on the physical function subscale than individuals reporting no participation in aerobic activities (SF-36 score of 61.4 vs. 51.4, p \ 0.001). Similarly, those reporting the greatest amount of resistance-type activities scored ten points higher than those doing no resistance activities (SF-36 score of 59.4 vs. 48.6, p \ 0.001). These relationships persisted with adjustment for the other types of activity. 
Discussion
Physical activity was directly associated with physical functioning (p \ 0.001) in this sample. When accounting for potential mediating variables such as recent falls and comorbidities, the associations were only modestly attenuated. Neither sex nor age modified the association with similarly strong associations seen in men and women, and in those both under and over the age of 80 years. Moderate-vigorous intensity activity appeared to be the important component of total activity, as light activity alone was not associated with physical function. Activity of many types, including housework, gardening, walking, and exercise appeared to be related to better function, however, stretching was not. Participants reported engaging in 2,773 ± 2,586 kcals/ week of physical activity, on average, however, the median level of physical activity reported was 2,135 kcals/week. Stewart et al. [37] previously reported a mean energy expenditure of 2,420 (SD, 1831) as measured by the CHAMPS questionnaire in a sample of men and women aged 65-90 years, which appears reasonably consistent with our findings. This volume of activity appears quite high given that most adults do not meet the 1,000 kcals/ week recommendation by the CDC/ACSM [45, 46] . To some extent, this potential over-reporting could be explained by the inclusion of light intensity activities on the CHAMPS questionnaire; however, even the moderatevigorous activity reported appears quite high. Regardless, if the potential over-reporting is consistent across activity levels it should not affect our ability to compare low versus high activity groups. Another important possibility though, is that we have selection bias in our sample and that we were more likely to receive responses from survivors who do more physical activity. Conclusions regarding the general population of older colorectal cancer survivors must thus be tempered with this potential selection bias in mind.
The mean physical functioning (PF) subscale score of our participants (55.0 ± 30.5) is close to the SF-36 agebased population norms of men and women aged C75 years (53.20 ± 29.98). A previous study of long-term female colorectal cancer survivors in Wisconsin reported a mean PF score of 62.4 ± 25.8 for a group of 81 women aged 65-85 years [47] , which again appears consistent with the results of this study when considering the differences in age and sex. We observed a very strong and significant 22-point difference in function between people reporting the lowest versus the highest levels of total physical activity, and a 21-point difference across levels of moderate-vigorous activity. This difference is more marked than the 15.4-point difference between regular vigorous exercisers and non-regular vigorous exercisers previously reported by Demark-Wahnefried et al. [23] in a group of breast and prostate cancer survivors at *18 months post-diagnosis. This inconsistency may be due to the difference in physical activity assessment, with inclusion of moderate activity in our moderate-vigorous score versus the focus on vigorous activity in the study by Demark-Wahnefried et al. [23] . Consequently, their nonregular vigorous exercisers may have included people doing more moderate activity, thus reducing the potential difference in function. Importantly, our study suggests the largest difference in physical function between two consecutive activity groups is seen between the 1st and 2nd quartiles. This suggests that movement from the least active group to just a modest activity level is associated with the largest change in physical function. Additionally, we saw very strong relationships with housework, gardening, and walking, suggesting that exercise, per se, may not be necessary to maintain physical function at higher levels.
Ware [42] has argued that a 5-10 point difference on any of the eight SF-36 subscales is clinically relevant, thus, the 10-and 12-point differences observed between the least active group and the published age norm and the overall sample mean, respectively, suggest a clinically meaningful functional impairment in these individuals. Conversely, the most active men and women report PF levels nearly 12 and 10 points higher than the published age norm and sample mean, respectively. In essence, these most active individuals report functional status similar to that of individuals aged 10 years younger [42] , further reinforcing the notion that physical activity and functional ability are highly related in older adults.
To our knowledge, this is the first study to examine sex differences in the association of physical activity and function among cancer survivors. We hypothesized that women would show a stronger association between physical activity and function, considering that women tend to report both more numerous and more severe limitations than do men [4] . Though women did report lower mean functional status at all levels of activity, the association of physical activity and function did not vary by sex. We also hypothesized that the physical activity and function association may be modified by age, and that some of our oldest subjects would not have the same, direct relationship. We divided our subjects into two groups based on the median age of our sample of 80.7 years, and found the same strong relationship among those aged 65-80.7 as among those aged 80.7-103 years of age. Our data suggest that physical activity may be beneficial at any age.
One benefit of observational studies over intervention studies is the ability to examine the natural distribution in types and amounts of activity that are done in given populations. In particular, it is useful to know if non-exercise activities such as housework or gardening are associated with better physical function. We used the CHAMPS physical activity questionnaire to categorize responses to specific questions into general categories of activities that people frequently report participating in such as housework, gardening, and walking. When mutually adjusted, all three of these categories of activity, in addition to more traditionally examined exercise activities, were significantly associated with better function. Importantly, for housework, gardening, and exercise, people doing any activity of those types had significantly better function when compared to those who did none. With walking, function improved with increasing amounts of activity.
Perhaps not too surprisingly, stretching was unrelated to physical function. Lifestyle-based [24, 30] , resistance-based [28] , aerobicbased [25] [26] [27] , and combined aerobic and resistance-based [29] exercise interventions have been conducted in breast, prostate, and colorectal cancer survivors. While the majority of these interventions have shown significant improvements in functional measures [25, 26, [28] [29] [30] , no study has compared the effects of resistance versus aerobic activities on physical function in cancer survivors. We hypothesized that resistance activities would be more strongly associated with function than aerobic activities, assuming that loss of strength following treatment, particularly related to surgery and/or chemotherapy, would be more functionally limiting than loss of aerobic capacity. However, no differences in function were seen based on the type of activity after controlling for other energy expenditure and relevant covariates. This may be a result of examining a composite physical function score rather than looking at task-specific function (e.g., carrying a load vs. walking mile). Cancer treatment did not appear related to physical function in our analyses suggesting that there may not be long-term consequences of either chemotherapy or radiation treatment in colorectal cancer patients who have lived this long. Given the potential errors in our treatment measures, which were not directly taken from medical records, further investigation into this issue is warranted.
Strengths of this study include a large sample size, including both men and women who had the same primary cancer. We used validated measures of both physical activity and function. Additionally, the use of the CHAMPS physical activity questionnaire allowed us to examine the potential difference between intensity and types of activity. Limitations of this study include the cross-sectional design, self-reported measures of activity and function, and limited generalizability. Given the study design, we cannot attribute higher levels of function to physical activity participation; however, activity and function remained strongly associated even after including several potential markers of lower functional status (e.g., comorbidities, falls, hospitalizations, pain) in the model, suggesting some independent relation of activity and function. As with all self-report surveys, our measures may be subject to recall bias, and as previously mentioned, we may also have some selection bias. Finally, the modest response rate (65%) accompanied by the lack of racial and ethnic diversity in this sample limits the generalizability of our findings.
Though residual confounding cannot be ruled out, and the results of this study do not overtly suggest that physical activity improves function in older cancer survivors, taken in context with data from physical activity intervention trials [24] [25] [26] [27] [28] [29] [30] and other population-based studies [22, 23] , the overall evidence suggests that physical activity may be one avenue for improving physical function in long-term cancer survivors. Our results suggest that the potential benefits would be apparent for both men and women, for people choosing to participate in a variety of activities, and more so for participation in moderate-vigorous activities than light intensity activities. Further studies are needed to identify characteristics of a physical activity intervention program that would be safe, promote high levels of adherence, and maximize functional benefits among older cancer survivors.
